The rotational spectra o f the torsional excited states vn = li> 12» 2 i, 2z, 23 have been measured and assigned. The torsional fine structure was used to determ ine the coefficients F3 and F 12 of the hindering potential.
Introduction
Dimethylether was one of the first molecules [1] with two methyl tops (two top molecule) investi gated by microwave spectroscopy for the deter m ination of the barrier to internal rotation. Usually the hindering potential is described by a two dimensional Fourier series in the torsional angles a*, £ = 1, 2. For molecules with two equivalent tops and C2v-symmetry it may be given in the form : F3 is the hindering potential, V12 and V12 are toptop coupling parameters. The analysis of the rotational spectra is based on a rigid frame rigid top Hamiltonian, which was discussed in detail else where [2 -8 ] and is given later under Equation (2) .
This Hamiltonian allows for two internal degrees of freedom, the methvltorsions, and three degrees of freedom for the overall rotation. All other vibrational degrees of freedom are excluded.
By the analysis of the rotational spectrum in the ground-state, F3 was determined [1, 9] . As in similar cases [1 0 , 1 1 ] the top-top coupling coefficient F 12 can only be determined, if the rotational spectra of the excited torsional states vn = l\ and I 2 ** are analysed. For Dimethylether this was done indepen dently by [12 -14] , V12 could not be determined, as it was correlated to V3 as noticed in similar work [11] . This correlation may be seen, if the harmonic approximation is calculated.
V ( a i, 0C 2 ) «=! ~ ( F3 -2 F1 2 ) (ai2 + O C 2 2) + 9 V' 12 oci < x 2 .
( 1 a)
F3 and F12 are combined in the coefficient of oci2 + 0C 2 2-Our investigation presented in this paper was initiated to determine the top-top coupling coefficient F12 [see Eq. (1)] from the rotational spectra of the torsional excited states vn = 2 i , 2 2 , 2 3 , as a consideration of the Hamiltonian showed th at a t least these spectra should be included in the analysis. As the 2w-states are near to half the barrier height F3 , we believed, th a t (la) is no more a good approximation. B ut it proved finally, th at F12 is still correlated to F3 . Nevertheless we like to give the results as to our knowledge a detailed analysis of rotational spectra of the torsional excited states vn = 2 i , 2 2 , 2 3 for a two top molecule
is not yet published. Our analysis is applied to the two isotopic forms (CH3 ) 2 0 and (CD3 )2 0 .
Experimental
The spectra of (CHs)20 and (CD3 ) 2 0 were recorded in the region from 8 to 40 GHz by a conventional Stark spectrometer [15, 16] equiped with an 8 m absorption cell and employing 33 kHz Stark square wave modulation. The sample pressure was 10 mT and the tem perature was kept between 0 °C and -50 °C. For the assignment of the lines in the higher torsional states microwave-microwave double resonance (MW-MW-DR) experiments proved very useful. The MW-MW-DR-Spectrometer is described in detail in [17] . (CDs)20 was supplied by Isocommerz GmbH Leipzig.
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Measurement and Assignment of the Spectra * For the assignment of the spectra we used the following criteria: a) Stark effect; b) Relative spin weights [6, 7] ; c) Boltzmann factors of the different states; d) F it of the AiAj-and Aj-E-rotational lines to a rigid rotor spectrum ; e) Similarities of the frequency shifts with respect to the ground state of the Q-series J qj -J\,j-1 , vn for (CD3)20 and (CH3)20 ; f) Double resonances; g) Theoretical predictions of the internal rotation splittings.
As especially the assignment of the rotational spectra in the 2w-torsional states was difficult, the combination of all the mentioned criteria was necessary.
As the internal rotation splittings are smaller for (CD3 ) 2 0 we tried to assign this isotopic species first**. The unsplit ground state, vn = Oi-spectrum had been assigned earlier [19] . The reported lines were measured with higher precission. These and some additionally measured lines are given in Table 1 . The lines up to J = 3 were fitted by a rigid rotor spectrum. The rotational constants are given in Table 4 .
The low J-lines of the states vn = l i and I 2 were found within a frequency region of ^ 300 MHz of the respective ground state lines. They were assigned by the mentioned criteria a)-d). The low J-lines of the states vn = 2\, 22 and 23 were located in a ± 400 MHz region. The assignment was * For the group theoretical labelling see [6] , [7] . ** For more details see Ref. [18] .
possible by application of the criteria a)-d) and g). The measured lines are given in Tables 2 and 3.  Table 4 summarises the effictive AjAy-and A*Erotational constants. Figures 1 and 2 illustrate the frequency shifts with respect to the ground state lines of the Jo,j --series. The regularity within one series is an additional indication for the validity of the assignment.
For (CH3)20 the ground state spectrum had been assigned earlier [1, 19] . Additional measurements for astrophysical reasons were made recently [20] .
The assignment of the rotational lines of the torsional states vn = l\ and I 2 was successfull first for the Jo,j -1 «-series by the criterion e), which is illustrated in Fig. 1 , in combination with criteria a), b) and g). The assignment of an addi tional AJ = 1-line for each 1 "-state concluded the assignment. The consistancy was checked with criterion d).
For the 2w-state spectra the assignment proved to be rather difficult, as the lines are weak and the torsional m ultipletts are split by about 1 GHz. As a consequence of the large splittings the three 2w-multipletts are mixed in their order.
The criteria b) and c) cannot be applied as the intensity cannot be determined reliably with our spectrometer for largely splitted multiplets, as the microwave power fluctuates with frequency.
The assignment was guided by the hints given by the similarities of the (CD3)2 0 -and (CH3)2 0 -spectra [criterion e)] as illustrated in Figure 2 . By using the Stark-effect the A^Ay-components of the J o,j -J i,j -i , 2w-series could be assigned. The EE-components were identified by the Stark-effect, which contains linear contributions, and by application of criterion g) with data gained by the analysis of the In s ta te spectra. Criterion g) and a) 1501 in combination were also necessary to assign the EAf-components. For the A^E-components it was necessary to record the spectra with low Stark field (20-200V/cm) as they have a strong linear contribution to the Stark effect. At higher voltages they are broadened or smeared out, as the basis of the Stark square wave is not ideally zeroed and the Stark field is inhomogeneous. The m ultiplets of the AJ = 1 line 2o2 -I n were located by MW-MW-DR experiments. To connect the line with the assigned line 2 o2 -2 n we kept the signal source fixed to the components of the 2o2-2 n line and swept the pump. Initial searches were made over 3 GHz with unstabilised pump sources. A sweep over 1.5 GHz is shown in Figure 3 . The roughly determined frequencies were refined by stabilised sweeps of the pump source and by measurements with the Stark spectrometer.
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The measured spectra are given in Tables 5 -7 . In Table 8 the AjAy-and AiE-rotational constants are listed.
Analysis of the Torsional Splittings
The analysis is based on the rigid frame-rigid top model. The Hamiltonian is given in Eq. (2):
V3 + -(1 -cos 3 a 2) + F'{pip2 + P 2P1) + V12 cos 3 ai cos 3a2 + V12 sin 3 ai sin 3 a2
A, B, C rotational constants, g = a,b, c indices label molecule fixed principal inertia axes, I g principal moments of inertia, / a moment of inertia of the tops about their symmetry axis, 
-( 2 Discussions of the model and Hamiltonian may be found in Refs. [2] [3] [4] [5] [6] [7] [8] , [11] , [21] .
Computer programs MELITA and MELISA originally written by Trinkaus [11, 22] and modified by Tan [23] were adapted to the Digital PD P 10 and TR 440.
Because of the size of the program overlay technique has to be used. Both programs use van Vleck perturbation for the torsional levels and diagonalisation of the effective rotational matrix. In MELISA denominator correction is included. Details are given in [11, 18] .
Trial calculations for (CH3 ) 2 0 showed, th a t a basis set of uncoupled Mathieu functions for the two internal rotors with wmax = v\ + ^2 = 8 * is sufficient [18] . In the worst case the calculated splittings for 2 re-states changed by 2 .2 % using an extended basis set with vmax = 9, which is less of than the error of the fitted splittings (see Table 10 ).
For (CD3 ) 2 0 we observed difficulties in the convergence of the eigenvalues when t'max is varied. Limited by the computer size, we used v m a x = 9. Similar observations were made by Durig et al. [13] . This fact implicates th a t the results for (CDs^O are less reliable.
We investigated the dependence of the splittings on the potential param eters F3 , V12, V12 on the angle <£ (b, i) between the b-and internal rotation axis and the rotational constants A, B and C. Table 9 characterises this dependence by a quadratic mean of partial derivatives QMPD(X) defined by:
*
Vi is the torsional quantum number o f the M athieu function.
•4 Fig. 1. P lot o f I t may be observed th a t there is a noticeable dependence of the 1 "-splittings on V12 and of the 2 n-splittings on V\ 2 for both molecules.
In Table 10 we present sets of parameters which were fitted to the torsional fine structure of the rotational lines in the states vn. These sets we consider as the final ones of the analysis. They resulted from many attem pts described in more detail in [18] . The rotational constants were chosen from the respective fits to the ground state spectra (see Tables 4 and 8 ), as their variation was nearly w ithout influence if the 2 re-states of (CHa^O are excepted. The fixed parameters are labelled by super /, <£ (b, i) = 58.4° results from the rs-structure [19] . /a was taken from [19] *. Also V\ 2 was fixed to Fi2 = 0 after noticing, th a t there exists still a strong correlation to F3 also in the 2w-states. The dependence V3 = f(V\2) is given in Figure 4. I t m ust be noticed th a t for all #w-states 0 F12 /ÖF3 is nearly equal so th a t even by combining all states no reliable value of Fi2 can be determined.
I t was proposed [24] to chose another com bination of potential param eters: F3 -V\ 2, F3 to improve the results. We could not proof it.
The sets of parameters of Table 10 were used to  calculate zlvcaic of Tables 2, 3 , 5 -7. Only for the 2 n-states of (CHs^O we used a sightly modified set. Taking the values for s, V12, V12 as given for the 2 ra-states in the last column of Table 10 we fitted in addition the angle <£(&, i) to 59.5 ± 0 .6°. Orel was reduced from 3.5% to 2.9%.
To compare our analysis with results of other authors [12, 13] , we give in Table 11 results, which we gained under the assumptions made by these authors: A ,B ,C ground state values, l i 2 = 0, <£ (6 ; i) = 58.4°. Although the computational m eth ods of [1 2 , 13] were different from ours the agree m ent of the results is reasonable. For the vn -2n-states of (CH3 ) 2 0 no data could be found in the literature. No decission can be made between the results of two quantum chemical calculations [25, 26] fo rF i2 and F 12.
As in similar molecules, there is a difference in the effective potential parameters for the CH3 -and CD3 isotopes [23, 27, 28] .
F urther work should include more experimental data. Highly resolved infrared and Ram an bands would be of use. They are presently not available. The analysis should perhaps be based on a more general Hamiltonian, as there is an interaction of the vn = 27rstates to the COC-bending state, which we noticed from the rotational spectrum [18] in the first excited bending state.
For other molecules the situation may be more favourable, as for (CHa^O F' dominates V\ 2 and F 12 in the influence on the splittings. (CHs^S may be a possible candidate. lines o f (C H^O for the vn = 2 i, 22 and 23 torsional states [MHz], for vn = 2i and 23: A 1A1, E E ,  A ]E , E A i, for vn = 22: A 2A2, E E , A 2E , E A 2 . The calculations were performed at the computer centers of the Universities of Kiel and Hamburg. 
